In many altricial species, fear responses such as freezing do not emerge until sometime later in development. In infant rats, fear to natural predator odors emerges around postnatal day (PN) 10 when infant rats begin walking. The behavioral emergence of fear is correlated with two physiological events: functional emergence of the amygdala and increasing corticosterone (CORT) levels. Here, we hypothesize that increasing corticosterone levels influence amygdala activity to permit the emergence of fear expression. We assessed the relationship between fear expression (immobility similar to freezing), amygdala function (c-fos) and the level of corticosterone in pups in response to presentation of novel male odor (predator), littermate odor and no odor. CORT levels were increased in PN8 pups (no fear, normally low CORT) by exogenous CORT (3 mg/kg) and decreased in PN12 pups (express fear, CORT levels higher) through adrenalectomy and CORT replacement. Results showed that PN8 expression of fear to a predator odor and basolateral/lateral amygdala activity could be prematurely evoked with exogenous CORT, while adrenalectomy in PN12 pups prevented both fear expression and amygdala activation. These results suggest that low neonatal CORT level serves to protect pups from responding to fear inducing stimuli and attenuate amygdala activation. This suggests that alteration of the neonatal CORT system by environmental insults such as alcohol, stress and illegal drugs, may also alter the neonatal fear system and its underlying neural control.
Introduction
Early adverse experience has been identified as a significant cause of adult behavioral problems, although very little is known about how these early experiences affect the infant and subsequent brain development (Glaser, 2000; Grossman et al., 2003; Gunnar, 2001; Sanchez et al., 2001; Teicher et al., 2003) . It is well known that long-term adverse experience induces long-lasting changes in behavior and brain development, but a single exposure to a severe threat (such as taste aversion conditioning, predator presence) can also influence long-term changes in behavior and brain development (review in Wiedenmayer, 2004) . Clinically, abused children show heightened fear and stress responses (Gunnar et al., 2001) , although attenuated fear responses have also been documented (Gunnar, 2001; King et al., 2001) . The cause of this clinical variability is unknown, although modification of the stress systems, the hypothalamus-pituitary-adrenal system that releases the stress hormone cortisol, and the other component of the stress axis composed of the locus coeruleus-amygdala has been implicated (Anand and Shekhar, 2003; Gunnar and Donzella, 2002; Kalin, 2003; Sanchez et al., 2001; Shekhar et al., 2003) . Using an animal model, we began to assess the effects of early adverse experiences by presenting a naturally fearful odor (novel male odor) while manipulating the stress hormone corticosterone (CORT; homologous to primate cortisol) and assessed the early development of both the fear response and the neural structure implicated in fear responsiveness, the amygdala. We suggest that understanding the developmental neurobiology of infant fear responses will aid us in understanding how early adverse experiences alter brain development.
In altricial species, fear responses emerge later in development. For example, a delayed defensive response is seen in the young rabbit's response to hawks (Pongrácz and Altbäcker, 2000) and stranger anxiety emerges around 9 months in children (Joseph, 1999) . In rats, the novel adult male is a predator, but a defensive response to male odor does not emerge until approximately postnatal day (PN) 10, when pups begin to walk and sometimes leave the nest
